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with levothyroxine [2] . Nevertheless, prescriptions of levothyroxine have increased markedly in recent years in the United States and the United Kingdom [3] . The prevalence of subclinical hypothyroidism in children is lower than in adults, progression to overt hypothyroidism is uncommon [1, 4] , and children with subclinical hypothyroidism do not differ from healthy controls in linear growth, neurocognitive outcome, bone mineral density, blood pressure, or lipid profile (reviewed by Salerno et al. [5] and Monzani et al. [6] ). As many as 12% of children with nonautoimmune elevations of TSH could carry variants in the TSH receptor [7] , and these generally will not require treatment [8] . Treating children with subclinical hypothyroidism with levothyroxine has shown no clear benefit. Overtreatment is a possibility (and occurs in 20% of adults taking levothyroxine [9] ). Although the pediatric data have been quite limited, there is some evidence that overtreatment of congenital hypothyroidism, at least during infancy, can have adverse cognitive effects [10] .
Limited data are available to help primary care practitioners distinguish abnormal laboratory results that reflect actual thyroid disease requiring treatment from subclinical hypothyroidism requiring only observation or from transient abnormalities attributable to laboratory error, circadian variation [11] , normal interindividual variation, and acute illness. Such information could help primary care practitioners limit referrals to pediatric endocrinologists for evaluation of abnormal thyroid function to those patients likely to require treatment.
Therefore, we sought to determine the reproducibility of TSH testing in pediatric patients referred to pediatric endocrinologists. We also aimed to identify the threshold TSH levels that would predict presence of antithyroid autoantibodies and inform decisions by pediatric endocrinologists at our institution to initiate or continue treatment with levothyroxine.
Methods
The institutional review board at UT Southwestern Medical Center approved the present study. A retrospective review of the medical records was performed on children aged 1 to 18 years with abnormal thyroid test results who had been referred to the Endocrinology Center at the Children's Medical Center in Dallas, Texas.
The subjects were identified by the presence of abnormal thyroid function tests results or a diagnosis of acquired hypothyroidism or autoimmune thyroiditis (International Classification of Diseases, Ninth Revision, codes 794.5, 794.6, 244.x, or 245.2, respectively), who had been seen at the Children's Medical Center's endocrinology clinic.
The inclusion criteria were age 1 to 18 years at the initial laboratory test with a referral TSH level above the upper limit of the specific laboratory's reference range. The exclusion criteria were a diagnosis of trisomy 21, care transferred from another institution or endocrinologist, referral for another endocrine disease, or if the patient was taking medications known to cause abnormal thyroid function tests (lithium and oxcarbazepine, one patient each).
A review of the medical records identified the demographic information, laboratory data, physical findings from the thyroid examination documented by the pediatric endocrinologist (for this analysis, graded as "normal" or "abnormal," with the latter category including both goiter and abnormally firm consistency), and body mass index (BMI) z-score. The laboratory data included the referral and repeat thyroid function tests and antithyroglobulin and antithyroid peroxidase antibody levels.
We examined the medical records sequentially from 1 March 2012 through 28 June 2013. To ensure that no important changes had occurred in the referral patterns over time, we also included medical records randomly selected by the medical record number from patients first seen from 5 November 2008 through 28 February 2012. No differences were found between these groups in age, sex, referring TSH level, referring FT4, or the proportions of patients for whom treatment was continued or started (data not shown). Therefore, these groups were pooled for all further analyses. Of 527 medical records reviewed, 325 (175 in the 2012 to 2013 group) met the inclusion criteria for the final analysis.
Repeat TSH levels were available for 212 patients. We were unable to calculate the BMI for one patient owing to a lack of documented height. Missing data were not imputed.
A. Statistical Analysis
We performed a receiver operating characteristic (ROC) analysis to determine the threshold values for TSH with 95% sensitivity, 95% specificity, and optimal classification for three outcomes: a similarly elevated TSH level on repeat testing, the presence of autoantibodies, and the need for treatment as judged by the pediatric endocrinologists. The area under curve (AUC) was used as a measure of predictive power, with an AUC of 0.5 indicating that the test was no better than chance, and an AUC of 1.0 indicating a perfect test with 100% sensitivity (proportion of actual positives correctly identified) and 100% specificity (proportion of actual negatives correctly identified). The optimal classification level was that which maximized Youden's J statistic (sensitivity 1 specificity 2 1). ROC analysis was performed using a webbased calculator (available at: www.jrocfit.org). Other statistical analyses were conducted with Statview, version 5.0 (SAS Institute, Cary, NC). We used x 2 tests to assess the correlations between categorical variables. Continuous variables that were not normally distributed (in particular, TSH) were reported as medians and interquartile ranges, and intergroup differences for such variables were assessed nonparametrically (Mann-Whitney U tests). Normally distributed variables were presented as means and standard deviations, and differences were assessed using Student t tests. The combined ability of TSH measurement, thyroid examination findings, and antibody status to predict treatment decisions was assessed using multivariable logistic regression analysis. Statistical significance was assessed using Wald tests.
Results
Of the 325 patients included in the present study, 113 had been prescribed levothyroxine by the referring practitioner before their endocrinology appointment. Treatment was continued by the pediatric endocrinologist for 103 patients and initiated by the pediatric endocrinologist for 88 patients. In all, 191 patients were treated and 134 were not treated ( Table 1) .
The treated patients were more likely to have had a higher referral TSH level, lower FT4, positive autoantibodies (antithyroid peroxidase and/or antithyroglobulin), and an abnormal thyroid gland on physical examination. No differences were found in sex, ethnicity, or the percentage of obese patients (those with BMI z-scores, $2.0) between the two groups. No differences were found for any parameter between patients who had never been treated and those for whom treatment had been discontinued by the endocrinologist. In contrast, compared with the patients for whom the endocrinologist had started treatment, those patients for whom treatment had been started by the referring physician and continued by the endocrinologist were more likely (P 5 0.02) to be of Hispanic ethnicity instead of white, and they had higher TSH and lower FT4 levels (P , 0.001 for both).
For the 212 patients in whom a repeat TSH level was available before starting treatment, we examined how well a given referral TSH level predicted a subsequent TSH of an equal or higher level. We constructed a series of seven ROC curves, each testing the ability of the referral TSH level to predict whether a repeat TSH level would be at or above a particular level T, where T was an integer between 5 and 11 ( Fig. 1) . The AUC steadily increased at higher values of T, indicating increased predictive power. Using the ROC curve for each value of T, we derived the sensitivity, specificity, and positive and negative predictive values for a referral TSH level of T to predict a repeat TSH level of $T (Table 2) . Although an initial TSH of 5 had a specificity of only 14% for a repeat TSH of $5, an initial TSH level of 11 had a specificity of 90% for a repeat TSH of $11, with similar sensitivity.
The referral TSH level was a relatively poor predictor (AUC, 0.711) of presence of antithyroglobulin or antithyroid peroxidase antibodies with optimal classification at TSH .8.8 mIU/L (sensitivity, 63%; specificity, 80%; Table 3 ).
TSH was better (AUC, 0.878) at predicting whether endocrinologists started or continued treatment with levothyroxine, with the optimal classification at 8.2 mIU/L (sensitivity, 76%; specificity, 85%; positive predictive value, 75%; negative predictive value, 86%). The result from a multivariable logistic regression analysis indicated that the TSH levels, thyroid examination findings, and antibody status were independent predictors of the treatment decision ( Table 4 
Discussion
Pediatricians' referral rates to subspecialists have varied widely [12, 13] , suggesting a lack of uniformity in the referral criteria. Locale-specific referral guidelines might improve the appropriateness of referrals [14, 15] . Because ,60% of referred patients in the present study were judged by pediatric endocrinologists to require treatment of hypothyroidism, we sought to develop evidence-based guidelines that could help primary care practitioners decide when to refer patients for further treatment. Reported data on the therapeutic benefits of treating subclinical hypothyroidism in children have been sparse. Therefore, we concentrated on finding TSH levels that were reproducible and predicted other findings of thyroid disease. Many of the referred patients were obese. Although mildly elevated TSH levels are frequently observed in obese patients and will resolve with weight loss [16, 17] , a recent consensus statement [18] has recommended against screening for hypothyroidism in patients with obesity unless they have a short stature relative to their genetic potential and decreased growth velocity in the setting of continued weight gain. Similarly, although constipation is a common finding in hypothyroidism, hypothyroidism has been identified in very few constipated children without other signs or symptoms of hypothyroidism [19] .
Mild elevations of TSH (5 to 6 mIU/L) were unlikely to be reproduced with repeat testing, to be associated with positive autoantibodies, or to result in decisions by pediatric endocrinologists to treat the patients. As the TSH increased, the reproducibility on repeat testing improved. Based on the ROC AUC data presented, a referral TSH of 8 to 9 mIU/L (and even more so if $10 to 11 mIU/L) was more likely to be reproducible and to be associated with the presence of positive autoantibodies. Our findings are consistent with a previous study from Israel [1] . In their study, an initial TSH level .10 mIU/L was also more likely to remain elevated and to be associated with positive antibodies than was a TSH level of 5 to 10 mIU/L [1] . In the present study, we examined a referral population. In contrast, the Israeli study was population-based and had been conducted in a health care environment in which almost 12% of the children had had at least one TSH level determined [1] . Consequently, a much lower proportion of children in their study had been treated compared with the proportion in ours (0.4% vs 59% overall; 51% vs 94% of patients with an initial TSH level .10).
A. Guidelines for Primary Care Practitioners
Currently, no consensus statements or guidelines have been reported on subclinical hypothyroidism in children from the Pediatric Endocrine Society or the Endocrine Society. The American Thyroid Association has discussed this topic briefly in their most recent guideline on treating hypothyroidism, recommending against treatment except in special circumstances [20] . The European Thyroid Association guidelines in 2014 attempted to address this question, although the recommendations were brief and primarily offered guidance on the frequency of the laboratory evaluations [21] . Using the data we have presented and from previous studies [5] , suggested referral guidelines for primary care practitioners are presented in the next paragraph. However, our data were derived from a single large subspecialty practice in a major American city; thus, the resulting guidelines could require modification for other venues with more limited access to subspecialists. If a patient has signs or symptoms concerning for hypothyroidism (including goiter or other abnormalities on the thyroid examination, postnatal growth failure, fatigue, or constipation) and initial laboratory test results reveal a normal FT4 with a TSH above the reference range, the FT4 and TSH should be repeated by the primary care practitioner with the thyroid autoantibody (antithyroid peroxidase, antithyroglobulin) levels also determined. This agrees with previous recommendations [5] .
Because trivial elevations of TSH above the reference range (;5 mIU/L) are unlikely to be reproducible, they should not generally prompt referral unless another basis for clinical suspicion is present (e.g., low T4, goiter, positive antibodies). In contrast, if the initial TSH level is .10 to 11 mIU/L, the primary care physician should consider starting treatment with levothyroxine, especially if the FT4 is below the reference range, pending repeat laboratory test results, with referral to a pediatric endocrinologist if further evaluation and management by a subspecialist is desired. Although a TSH level of 11 was slightly more reproducible ( Table 2) , it would be reasonable to use a threshold TSH of 10 for considering treatment, consistent with previous recommendations [5] .
If repeat test results reveals a normal FT4 with the TSH level above the reference range but ,8 mIU/L, the follow-up protocol should be stratified according to the presence of antithyroglobulin and antithyroid peroxidase autoantibodies or goiter. If the antibodies are negative and the thyroid examination findings are normal, no further workup or repeat testing is needed. If one or both antibodies are positive, thyroid function testing should be repeated within 6 months, or sooner if the patient develops signs or symptoms of hypothyroidism. The evaluation and management of goiter and thyroid nodules were beyond the scope of our report (reviewed by Francis et al. [22] ). However, the presence of either should prompt referral and further evaluation, including thyroid ultrasonography [23] . Finally, regardless of the presence of antibodies, if the FT4 level is low, treatment should be initiated with levothyroxine. If the repeat TSH level is .8 mIU/L, referral to a pediatric endocrinologist would be appropriate if further evaluation and management by a subspecialist were desired.
B. Study Limitations
The present study had potential limitations. By design, we examined a referral population, which could have been biased toward more severely affected patients. One of our outcomes-the decision by the pediatric endocrinologist to begin or continue treatment-was inherently subjective. Initiation of therapy before seeing the endocrinologist could have potentially influenced the decision for treatment to continue. However, our informal impression was that most referring pediatricians who prescribed levothyroxine to their patients had done so after a telephone consultation with an endocrinologist in our practice. This was supported by the findings that the children who started treatment by the referring pediatrician and continued therapy with the pediatric endocrinologist had higher TSH and lower FT4 levels than children whose therapy was initiated by the pediatric endocrinologist at the first visit. Despite the number of children who continued therapy, we found that 41% of the patients referred were not treated by the pediatric endocrinologists.
As an additional limitation, the TSH reference ranges in children have varied considerably in the reported data [24] . TSH levels vary the most in the first year of life. Beyond the neonatal period, the upper limit of normal for TSH decreases as age increases [25] . However, in the present study, .25% of children had had a referral TSH measured at a laboratory with a single reference range for children aged 1 to 19 years. The variability of the TSH level in this age range and the lack of pediatric normative data have made it difficult to clinically interpret a given TSH level using this single reference range. We did not study the difference in treatment decisions according to data from different laboratories nor differences based on age or pubertal stage.
Finally, the decision to continue or start therapy was determined by each individual endocrinologist, and no written standard of care was used. The present study was undertaken to provide data for such a guideline.
Conclusion
If concern exists regarding the presence of hypothyroidism and the initial thyroid function tests have revealed a normal FT4 with a TSH level above the reference range, repeat TSH and FT4 levels, a careful thyroid examination, and measurement of antithyroid autoantibody levels will assist the primary care practitioner in accurately triaging patients who meet the criteria for referral. This will decrease referrals of children who are unlikely to be treated by pediatric endocrinologists with levothyroxine.
Presentation: A version of our study was presented as a poster presentation at the Endocrine Society Annual Meeting, Chicago, Illinois, 17-20 March 2018.
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